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Chitosan is a biopolymer edible coating which can act as physical barrierwhen 
coated on fruits and efficiently alter their internal atmosphere and delay the 
ripening process.  This study evaluates the usage of chitosan (CH) as edible 
coating to extend the shelf life of green bell pepper. Physiochemical and 
microbial analysis of the green bell pepper was conducted during evaporative 
coolant structure storage (ECS).  The effect of chitosan coating on green bell 
pepper significantly delayed a loss in firmness, weight loss, and vitamin C 
content and inhibited the growth of heterotrophic bacteria, mesophilic bacteria, 
yeast and mould during the five weeks of storage. On the whole, this study 
established that edible coating from chitosan could form a natural and 
permanent replacement to the chemically preservatives used for postharvest 















It has been stipulated that the world population will 
increase drastically which will surpass 9 billion people 
by mid-century (FAO, 2017). This implies that there 
will be a greater request for healthy food, potable 
water, adequate land and environmental impacts 
(Ricardo et al., 2018). Moreover, there is a need to 
critically look into so many challenges mitigating 
against the achievement of sustainable agriculture and 
food security like food safety, nutrition deficits,  pest 
and diseases, post-harvest losses, food safety issue 
(Jenny et al., 2016). Therefore, the field of food 
science and technology has  a great responsibility to 
play in order to mitigate and achieve a sustainable food 
production in order to feed the ever-increasing world 
population (Bartkiene et al., 2018; Eriksson et al., 
2018). 
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The eating of fruit and vegetable-based diets has been 
documented to minimize the consequence of diet-
related chronic diseases which have  led to the high 
rate in the number of death recorded worldwide 
(Ahmed et al., 2018). Fruits and vegetables contain 
necessary micronutrients required for healthier diets 
(Schreinemachers et al., 2018). The World Health 
Organization has recommended a minimum intake of 
400 g per day to avoid chronic diseases and provide 
necessary micronutrients (WHO, 2015). 
Bell peppers are  crucial crop that has definite 
postharvest treatment requirements due to a high 
vulnerability to quality deterioration from biotic and 
abiotic stress (Samira et al., 2013). Most of the 
horticultural crops require low temperature and high 
relative humidity during storage and transportation. 
Most of the farmers, rural dwellers, transporters, and 
consumers cannot afford the cost to maintain 
controlled atmospheric storage facilities (FAO, 2017). 
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Therefore, there is a need to develop a cheap and 
environmentally  friendly technology that will 
maintain the post-harvest attributes of fruits and 
vegetables. This will also help to minimize the 
largequantities of crustacean wastes causing serious 
environmental problems and their conversion into 
value-added products (O’Donoghue et al., 2017, 
Adetunji et al., 2018). 
The utilization of ECS could be a sustainable 
technology that could help farmers that cannot afford 
the high price of control and modified temperature for 
the postharvest management of fruits and vegetables. 
ECS has so many advantages because it requires zero 
energy cooling system and it lowers the storage 
temperature as well as increases the relative humidity 
so as to maintain the freshness of the horticultural 
crops (lal Basediya et al., 2013). 
The application of chitosan has been documented in 
various fields which include manufacturing industries 
(Lang and Clausen, 1989), nutrition (Shahidi et al., 
2001), biotechnology, pharmacology and medicine 
(Liu et al., 2001) and agriculture (Bautista-Baños et 
al., 2006). It has been observed that whenever chitosan 
is applied as a coating on fruits and vegetables, it 
forms a semipermeable film that controls the gas 
interchange, decreases transpiration loses, reduces 
fruit ripening, eventually reduction in gaseous 
exchange and water loss thereby improving the shelf 
lives of fruits and vegetables (Bautista-Baños et al., 
2006). Moreover, chitosan has been applied as a foliar 
spray in order to improve the growth, yield, and value 
of vegetable crops (Fawzy et al., 2012).   
The present study was intended to evaluate the effect 
of 1.5 % chitosan and to improve the postharvest 
management of green bell pepper during storage at 
room temperature. 
 
Materials and methods 
 
Preparation of chitosan 
 
Matured brownish crabs were collected from the 
brackish waters of Warri in the Delta State of Nigeria. 
The animals were sacrificed and the viscera and 
muscles were carefully removed. The shells were 
dehydrated at 60 °C overnight and milled with a 
grinder that was fabricated locally at Postharvest 
Engineering Research Laboratory, NSPRI in Ilorin. 
The methods established by Pandharipande and 
Prakash (2016) were used to obtain chitin from crab 
shell waste and the method described by Adetunji et 
al. (2014) was used for further treatment of chitin to 
produce the chitosan used for this study. Subsequent 
washing and drying steps yielded chitosan. 
 
Source of fruits  
 
A local cultivar green bell namely ‘tatase’ which is fully 
matured, green coloured and thick, wax covered green 
bell pepper was  harvested from a commercial farm 
located  in the Ogbomosho town (8° 8' 0" North, 4° 16' 
0" East), Oyo State of Nigeria and immediately 
transported to the postharvest laboratory of Nigerian 
Stored Product Research Institute, Ilorin (8° 30' 0" North, 
4° 33' 0" East), Kwara State, Nigeria. Some of the factors 
that were considered are uniformity in size, colour, 
shape, greenness and absence of injuries before selecting 
green bell pepper for the experiment, while blemished 
and diseased fruits were discarded. The green bell pepper 
was later washed under running tap water, immersed in 
a chlorine solution (0.0003 %) for 30 s and then washed 




To (control):- To was selected as the control (untreated 
green bell pepper); T1 green bell pepper was coated with 
1.5% chitosan. The treated and untreated samples were  
arranged in a blue coloured plastic basket with green bell 
peppers. The basket was stored in ECS at a temperature 
of 13 ± 2 oC and relative humidity of 85–90 %. The 
physiochemical analysis was carried out in the period of 
five weeks after the coating.from week 1-5 of after 
coating. 
 
 Features of the sprayer 
 
The spraying bottle is made of heavy duty high-density 
polyurethane (HDPE) with a cushion grip and a pebble 
textured neck. It has a capacity of 32 ounces (1 quart). It 
is made of an opaque bottle with 3 3/8" diameter x 10" 
high with adjustable trigger nozzle necessary for 
adequate spaying of the edible coating solution. It 
contains a 10" pickup tube with decontamination filter to 
trap debris before enters nozzle. 
 
The Evaporative Cooling System  
 
The ECS used for this study was constructed with a clay 
brick having a dimension of 25.5 cm × 12.0 cm × 6 cm. 
It contains a double-walled rectangular brick 
construction with the inter-space filled with riverbed 
sand saturated with water. The walls were constructed on 
a short platform of concrete to avert water leakage into 
the soil. The ECS has a capacity chamber of 1.38 m3 . 
The two doors were considered adequate for thermal 
insulation against heat flux. This structure was placed in 
an open space exposed to fresh  air. A shed was built with 
thatch to prevent the ECS from the radiation effect of the 
sunlight. 
Charles Oluwaseun Adetunji / Influence of chitosan edible coating … / Croat. J. Food Sci. Techol. / (2019) 11(1) 59-66 
61 
Weight loss: To determine weight loss, separate s 
amples in 3 replicates from the coated green  
bell pepper using the following formula:  
Weight loss (%) = [(A−B)/A] x 100. Where A denotes 
green bell pepper weight at the time of harvest and B 
denotes the weight of coated green bell pepper after 
storage intervals (A.O.A.C., 1994). 
 Firmness:- The firmness of the green bell pepper was 
determined using a penetrometer, which has a probe 8 
mm in diameter that was pressed gradually onto the 
surface of each green bell pepper. 
Vitamin C content:- The amount of vitamin C content 
from green bell pepper was determined using 2,5-6 
dicholorophenol indophenols’ method defined by 




The total microbial count was carried out by grinding 1 
g of bell pepper, which was then mixed thoroughly with 
10 mL water and a 1:10 dilution was further serially 
diluted to 10-7. Total aerobic mesophilic bacteria and 
heterotrophic bacteria present in the samples were  
determined by plating 0.1 mL of the dilutions on  count 
agar plates using a sterilized L shaped glass spreader. 
Plates were incubated at 37 °C for 48 h.  Approximately 
0.1 mL of each serial dilution of the bell pepper 
homogenate was plated on potato dextrose agar 
containing 100 µg/g streptomycin and incubated at 28 °C 
for 5 d to evaluate yeast and mold counts. Colony 
forming units (CFU) per gram of bell pepper were 




All data were obtained in triplicate and analyzed by 
analysis of variance (ANOVA) using SPSS v 16.0 and 
significant difference (P = 0.05) among means of 
significant were separated using Duncan’s multiple 
range test. 




The weight loss of green bell pepper fruits during the 
ECS storage was significantly lower (P<0.05) in  
coated fruits containing chitosan when compared to 
the uncoated control group. The result obtained in 
Figure 1. showed that CH  treated fruits had a weight 
loss of 22.83±3.87 % while the uncoated control group 
had a weight loss of 30.67± 1.43 %. There was a 
decrease in weight loss of the coated green bell pepper 
fruits when compared with uncoated control group. 
The  result obtained is in line with the observation of 
different researchers who observed a drastic reduction 
in weight loss of treated fruits when compared to the 
control fruits i.e pears (Zhou et al., 2008); papaya 
cubes (González-Aguilar et al., 2010), bell peppers 
and cucumbers (El-Ghaouth et al., 1991), 
grapefruit  (Meng et al., 2006). Weight loss is an 
important factor that determines the postharvest shelf 




The utilization of coating from chitosan significantly 
prevents (P< 0.05) the loss of firmness of  the stored 
green bell pepper (Figure 2). The results showed that 
edible coatings from chitosan had a firmness of 
2224.17±91.09 N while the uncoated had a firmness of 
1536.67±310.27 N. As chitosan coatings applied a useful 
effect on fruit firmness, after storage, all the treatments 
showed higher flesh firmness values than control 
(P<0.05). It has been established by several researchers 
that chitosan played a positive impact in extending 
firmness of fruits including tomato (El Ghaouth et al., 
1992), kiwifruit (Du et al., 1997), mango (Zhu et al., 
2008), papayas (Ali et al., 2011), and ‘Murcott’ tangor 



































Fig. 3. Effect of chitosan edible coatings on the vitamin C content of green bell pepper 
 
 
Texture is a critical quality used by the consumers 
before they can buy fresh fruit and vegetables. The 
process of ripening has a greater effect on fruit 
texture (Saladié et al., 2007). The two major 
enzymes  that trigger the process of fruit ripening 
are Pectinmethylesterase and polygalacturonase. 
They induce fruit softness that normally occurs 
during ripening (Kays, 1991).  
 
Ascorbic Acid content 
 
Application of edible fruit coatings  containing 1.5 
% of chitosan, is significantly (p<0.05) higher in 
ascorbic acid content when compared to the 
uncoated control groups (Figure 3). The utilization 
of edible coatings  of chitosan can cause a decrease 
in oxygen diffusion which could inhibit the rate of 
ripening in fruits. This normally preserves the 
vitamin C contents and delays senescence in fruits 
(Yage et al., 2011). Some previous researchers have 
demonstrated that edible coatings could increase 
carbon dioxide levels and reduce the level of oxygen 
surrounding the fruit which normally helps in the 
prevention of vitamin oxidation (Atress et al., 2010).   
 
Yeast and mould 
 
The result obtained from the treated fruits with CH 
edible coatings cause a reduction in the number of 
yeast and mould count from 9.3 log CFU/g during the 
first week of storage to 1.3 log CFU/g after 5 weeks 
of storage count when compared to the uncoated 
control group that had 22.3 log CFU/g. (Figure 4). 
Howard and Dewi (1995) discovered that edible 
coating made of cellulose material maintained the 
microbial quality of mini-peeled carrots during 
storage. Also, Olivas and Barbosa-Cánovas (2005) 
observed that edible coatings prevent the growth of 








































































The coating treatment containing chitosan 
significantly reduced (p<0.05) mesophilic bacteria 
population in the green bell pepper during storage. The 
result obtained shows that the treated fruits showed a 
reduction in the number of mesophilic bacteria from 
12.3 log CFU/g during the first week of storage to 2.5 
log CFU/g after 5 weeks of storage count when 
compared to the uncoated control group that had 26.3 
log CFU/g.  (Figure 5). Previous researchers have 
discovered that edible coatings containing 
antimicrobial agent tend to preserve the shelf life of 
fruits and vegetables when compared to fruit coated 
with an antimicrobial agent (Sangsuwan et al., 2008). 
The high reduction in the mesophilic bacteria count 
observed during this study might be due to the 
inhibitory effect from chitosan (Geraldine et al. 2008). 
The microbial count obtained from the chitosan 
applied as an edible coating during this study fall 
below the limits set by Spanish regulations (BOE, 
2001), which stated that the maximum count of 
aerobic mesophilic microorganisms in food samples 




The result shows that the population of heterotrophic 
bacteria reduced from 18.4 log CFU/g during the first 
week of storage to 3.6 log CFU/g after 5 weeks of 
storage while the control had 34.5 log CFU/g (Figure 
6). Several researchers have discovered that the major 
microflora which commonly shelf life of fruits and 
vegetables are psychotropic bacteria (Hotchkiss and 
Banco, 1992). Moreover, the application of edible 
coatings containing  antimicrobes could minimize 
their number thereby, leading to the postharvest 
















































On the whole, our study showed that the method of 
chitosan application as a protective coating which is 
simultaneously edible is an innovatory and eco-
friendly method of storage and increasing of the  shelf-
life of pepper. In the light of the obtained experiment 
results, the application of chitosan as an edible coating 
demonstrates that this preservative method could be 
applied to other fruits and vegetables. Moreover, the 
chitosan used during this study exhibits a high 
antimicrobial efficacy against some spoilage 
microorganism, but there is a need to carry out the 
mode of action through which the edible coating 




This study has established that the edible coating 
containing chitosan could serve as an alternative to the 
chemical-based coatings used for postharvest loss 
prevention.  Further investigation is needed to 
understand the mechanisms and mode of action of 
chitosan in preventing/ or inhibiting spoilage 
microorganisms at molecular levels. Therefore, this 
study could lead to the development of indigenous 
wax emulsions/ coatings for prolonging the shelflife of 
fruits, thereby ensuring food security in alignment 





The authors appreciate the management of NSPRI for 
allowing us to use their facilities, Ilorin, Kwara State, 
Nigeria. Special thanks to Mr. Alao Tayo and Mr. Issa 




Adetunji, C.O., Oloke, J.K., Osemwegie, O.O. (2018): 
Environmental fate and effects of granular pesta 
formulation from strains of Pseudomonas aeruginosa 
C1501 and Lasiodiplodia pseudotheobromae C1136 
on soil activity and weeds. Chemosphere, 195 (2018), 
98-107. 
https://doi.org/10.1016/j.chemosphere.2017.12.056. 
Adetunji, C.O., Fadiji, A.E., Aboyeji, O.O. (2014): Effect 
of chitosan coating combined Aloe vera gel on 
cucumber (Cucumis Sativa L.) post-harvest quality 
during ambient storage. JETEAS. 5(6), 391-397 
Ahmed, S., Shanks, C.B., Smith, T. (2018): Fruit and 
vegetable desirability is lower in more rural built food 
environments of Montana, USA using the Produce 
Desirability (ProDes) Tool. Food Sec. 10: 169. 
https://doi.org/10.1007/s12571-017-0748-1. 
Atress, A.S.H., El-Mogy, M.M., Aboul-Anean, H.E., 
Alsanius, B.W. (2010): Improving Strawberry Fruit 
Storability by Edible Coating as a Carrier of Thymol 
or Calcium Chloride. IJHSOP. 2(3): 88-97. 
Ali, A., Muhammad, M.T.M., Sijam, K., Siddiqui, Y. 
(2011): Effect of chitosan coatings on the 
physicochemical characteristics of Eksotika II papaya 
(Carica papaya L.) fruit during cold storage. Food 
Chem. 124: 620-626.  
AOAC . (1994): Officials methods of analysis. 14th. 
Edition. Williams. Ed. Published by the Association of 
Analytical Chemists. 1111 North 19th Street, Suite 20, 
16th Edi. Arlington, Virginia, USA. 22209. 
Bai, J., Baldwin, E.A., Hagenmaier, R.H. (2002): 
Alternatives to shellac coatings provide comparable 
gloss, internal gas modification, and quality for 
delicious apple fruit. HortScience. 37: 559–563.  
Bautista-Baños, S., Hernández-Lauzardo, A.N., Velázquez-
del Valle, M.G., Hernández-López, M., Ait Barkab, 
E., Bosquez-Molina, E., Wilson, C,L .(2006): 
Chitosan as a potential natural compound to control 
pre and postharvest diseases of horticultural 























Charles Oluwaseun Adetunji / Influence of chitosan edible coating … / Croat. J. Food Sci. Techol. / (2019) 11(1) 59-66 
65 
Bartkiene, E.,  Sakiene, V., Bartkevics, V., Juodeikiene, G., 
Lele, V., Wiacek, C., Braun, P.G. (2018): Modulation 
of the nutritional value of lupine wholemeal and 
protein isolates using submerged and solid-state 
fermentation with Pediococcus pentosaceus strains. 
IJFST: 22: 1-10 
BOE. (2001): Establishing Norms of Hygiene for the 
Production, Distribution and Commercialization of 
Prepared Food. Boletín Oficial del Estado. BOE no. 11 
of 12 January 2001. Real Decreto 3484/2000 of 29 
December. Ministerio de la Presidencia, Madrid. p. 
1440. 
Chien, P.J., S,heu F., Yang, F.H .(2007): Effects of edible 
chitosan coating on quality and shelf life of sliced 
mango fruit. J. Food Eng. 78(1), 225-229. 
Du, J., Hiroshi, G., Iwahori, S . (1997): Effects of chitosan 
coating on the storage of peach, Japanese pear, and 
kiwifruit. J. Jpn. Soc. Hortic. Sci. 66, 15–22. 
El Ghaouth, A., Arul, J., Grenier, J., Asselin, A . (1992): 
Antifungal activity of chitosan on two postharvest 
pathogens of strawberry fruits. Phytopathology. 82, 
398-402. http://dx.doi.org/ 10.1094/PHYTO-82-398. 
El-Ghaouth, A, Rathy JA, Boulet PM .(1991): Use of 
chitosan coating to reduce water loss of Huanghua 
pears (Pyrus pyrifolia Nakai, cv. Huanghua) treated 
with different kinds of coatings during storage. 
Postharvest Biol Technol. 49, 171–179. 
Eriksson, S., Jonas, E., Rydhmer, L., Röcklinsberg, H. 
(2018): Invited review: Breeding and ethical 
perspectives on genetically modified and genome 
edited cattle. J. Dairy Sci. 101, 1, pages 1-17. 
https://doi.org/10.3168/jds.2017-12962 
FAO (2017): The future of food and agriculture – Trends 
and challenges. Rome. Foreign Agricultural 
Service/USDA. (2016). Office of Global 
Analysis. Pg 1. 
Fawzy. Z.F., El-Shal, Z.S., Li, Y., Ouyang, Z., Omaima 
M.S. (2012): Response of Garlic (Allium sativum, L) 
plants to foliar spraying of some bio-stimulants under 
sandy soil condition. JASR. 8(2), 770-776. 
García-Gimeno, R.M., Zurera-Cosano, G. (1997): 
Determination of ready-to-eat vegetable salad shelf-
life. Int J Food Microbiol.36, 31-38. 
Geraldine, R.M., Ferreira Soares, N.F., Botrel, D.A., 
Gonçalves, L.A . (2008): Characterization and effect 
of edible coatings on minimally processed garlic 
quality. Carbohydr Polym. 72, 403-409. 
Gonzalez-Aguilar, G.A., Villa-Rodriguez, J.A., Ayala-
Zavala, F., Yahia EM. (2010): Improvement of the 
antioxidant status of tropical fruits as a secondary 
response to some postharvest treatments. Trends Food 
Sci. Technol. 21, 475-482. 
Hotchkiss, J.H., Banco, M.J. (1992). Influence of new 
packaging technologies on the growth of 
microorganisms in produce. J. Food Prot. 55, 815-
820. 
Howard,  L.R.,  Dewi, T . (1995): Sensory, microbiological 
and chemical quality of mini-peeled carrots as affected 
by edible coating treatment. J. Food Sci. 60, 142-144. 
Jenny (Jingxin), T., Brian, C.B., Rickey Y.Y. (2016): 
Feeding the world into the future – food and nutrition 
security: the role of food science and technology, 
Front Life Sci. 9(3): 155-166. https://doi.org 
/0.1080/21553769.2016.1174958 
Kays, S.J. (1991): Postharvest physiology of perishable 
plant products. New York: Van  
lal Basediya, A., Samuel, D.V.K.,  Beera, V. J. (2013): 
Evaporative cooling system for storage of fruits and 
vegetables - a review. Food Sci. Technol. 50: 429. 
https://doi.org/10.1007/s13197-011-0311-6 
Lang, G., Clausen, T. (1989): The use of chitosan in 
cosmetics. In: Skjak-Braek, G., Thorleif Anthosen, T., 
Standford, P. (Eds.), Chitin and Chitosan. Sources, 
Chemistry, Biochemistry. Physical Properties and 
Applications. Elsevier Applied Science, London and 
New York, pp: 139-147. 
Liu, X.D., Nishi, N., Tokura, S., Sakari, N .(2001): Chitosan 
coated cotton fiber: preparation and physical 
properties. Carbohydr. Polym. 44, 233-238. 
Meng, X., Li, B., Liu, J., Tian, S .(2006): Physiological 
responses and quality attributes of table Physiologic 
responses and quality attributes of table grape fruit to 
chitosan preharvest spray and postharvest coating 
during storage. Food Chem. 106(2),501-508. 
https://doi.org/10.1016/j.foodchem.2007.06.012 
O’Donoghue, E.M.,  Brummell, D.A., McKenzie, M.J., 
Hunter, D.A., Lill, R.E. (2017): Sweet capsicum: 
postharvest physiology and technologies.  
New Zeal. J. Crop Hort.1-29. 
https://doi.org/10.1080/01140671.2017.1395349 s 
Olivas, G.I., Barbosa-Canovas, G.V.(2005): Edible coatings 
of fresh-cut fruits. Crit. Rev. Food Sci. Nutr. 45, 
657-670. 
Pandharipande, S.L., Prakash, H.B. (2016): Synthesis of 
Chitin from Crab Shells and its Utilization in 
Preparation of Nanostructured Film.  IJSEIR. 5(5), 
1378-1383. 
Ricardo, S. A., Erick, A.E., Ramon, S.R., Tatiana, C.P., 
Veronica, O.A., Monica, Q.F., Marcia, C. S., 
Anderson, S.S., Adriana, C.O.S., Adriano, G.C. 
(2018): Physical hazards in dairy products: Incidence 
in a consumer complaint website in Brazil.  Food 
Control. 86,(2018): 66-70. 
https://doi.org/10.1016/j.foodcont.2017.11.020 
Saladié, M., Matas, A.J., Isaacson, M.A., Jenks, S.M., 
Goodwin, K.J., Niklas, R., Xiaolin, J.M .(2007): 
Chitosan coating in preventing deterioration and 
preserving the quality of fresh-cut papaya ‘Maradol’. 
J. Sci. Food Agric. 89, 15–23. 
Samira, A., Woldetsadik, K., Workneh, T. S. (2013): 
Postharvest quality and shelf life of some hot pepper 
varieties. JFST, 50(5), 842–855. 
http://doi.org/10.1007/s13197-011-0405-1 
Sangsuwan, J., Rattanapanone, N., Rachtanapun, P .(2008): 
Effect of chitosan/methyl cellulose films on microbial 
and quality characteristics of fresh-cut cantaloupe and 
pineapple. Postharvest Biol Technol. 49, 403-410. 
Charles Oluwaseun Adetunji / Influence of chitosan edible coating … / Croat. J. Food Sci. Techol. / (2019) 11(1) 59-66 
66 
Schreinemachers, P.,  Simmons, E.B.,  Wopereis Marco, 
C.S. (2018):Tapping the economic and nutritional 
power of vegetables. Glob Food Sec. 16:36-45 
Shahidi, F., Kamil, J.K., Jeon, Y.J., Kim, S.K . (2001): 
Antioxidant role of chitosan in cooked cod (Gadus 
Morhua) model system. J. Food Lipids, 9, 57-64. 
WHO (2015): Promoting Fruit and Vegetable Consumption 
around the World World Health Organization, 
Geneva.  
Zhu, X., Wang, Q.M, Cao. J.K, Jiang, W.B . (2008): Effects 
of chitosan coating on postharvest quality of mango 
(Mangifera indica L.cv. Tainong) fruits. J. Food 
Process. Preserv. 32, 770-784. 
